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where J, Q are the angular momentum and electric charges of black hole. Also,
scientists have established the four laws of black hole thermodynamics relative
to the four laws in thermodynamics [1,3,4]. And S. Hawking discovered the
radiation of black hole; thus the temperature of black hole got a real signi-
cance. The temperature of black hole has been widely researched these years
but the study of entropy might not be sucient [5-9]. However,the entropy
in formula (2) does not obey the third law of thermodynamics [10,11],which
is Nerst's theorem: according to Planck gauge, the entropy of a system will
vanishes when its temperature approaches to absolute zero. Actually, accord-





! 0 (the so called "extremal










was unable to be applied to the extremal case , therefore is not the Planck
absolute entropy near zero temperature. In order to solve this problem, some
scientists, for instance, Hawking, Teitelbom, and Gibbons etc.suggested to re-
dene the entropy of a near extremal black hole [12-17], and thought it should
be zero. Meanwhile, some scientists, such as Loranz, Hiscock, Zaslavskii etc.
[18-23] insist on the former denition.Now it is still being discussed. However,
we agree with the rst group of scientists and redene the absolute entropy
of Kerr-Newman black hole near zero temperature, making it not only obey
the third law, but also be harmonious with other conclusions in black hole
thermodynamics.
2 The Entropy of Near Extremal Kerr-Newmann Black Hole De-
rived From Thermodynamics
The entropy we want to nd should at least accord with the following three
conditions: 1. Obey the Bekenstein-Smarr function:
dM = TdS + 
dJ + V dQ; (4)
2. Obey the limit relations between T and S :
S ! 0(whenT ! 0); (5)
3. The formula will be reduced to S =
A
4
whenJ;Q ! 0 . Accordingly, by






















































is a correction item, it may be the function of M ,J ,Q and vanishes





















































From formula (8) and in order to accord with the condition 2 , we get when




equals to the area of outer horizon at zero temperature.


























(T ! 0): (14)
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which one can prove is exactly the Hawking temperature. When T ! 0; we
have A ! A
0
, so thatS ! 0; it obeys condition 2.And for an uncharged
non-rotating black hole, formula (14) will be reduced to formula (2).Thus
we think formula (14) may be the absolute Planck entropy of near extremal
Kerr-Newman black hole approaching to zero temperature.
3 The Temperature, Heat Capacity and Radiation Power of Near
Extremal Black Hole











witch will be reduced to formula (1) for an uncharged non-rotating black hole.





























for an uncharged non-rotating black hole . Moreover, from formula (16) we
































We can see from this section that the redenition of the entropy for the bear
extremal Kerr-Newman black hole in section 2 does not conict to other ther-
modynamic properties of non-extremal, uncharged or non-rotating ones .
4 The Physical Interpretation of the Entropy of Near Extremal
Kerr-Newman Black Hole
Now we would like to study the microcosmicmechanismof the entropy produc-
tion of near extremal Kerr-Newman black hole . If we choose the coordinates
x

= (t; r; ; ) , we have the Kerr-Newman metric describing the geometry of




































































; a = J=M: (22)





















) horizon is the limit of the intrinsic acceleration b























































and e are the static masss and electric charge of the particle, and A











































































































 = 0: (26)




( here m is the angular momen-
tum of the particle parallel to the black hole rotating axis and ! is the energy
of the particle ) and separating the variables, equation (26) is then reduced to






























u(r) + 2(r  M)
d
dr















)!   am  eQr (29)



























where '+' is for the region r > r
+
and ' - ' is for the regionr < r
 
, function
































) = 0: (31)
Whenr ! r







































































are the angular velocities at the outer and inner horizon and V

are the
static electric potentials on the two polar points ( = 0and) at the outer and
inner horizon respectively. When r ! r
 















































When r ! r
 

























































1 r  0
0 r < 0
; (41)

































is a normalization factor, and N
2
!













) = 1; where '+ ' is for fermions



























, and there are particles generated by vacuum
polarization erupted from the inside (the region r < r
 
) to the inner horizon.
This makes a new kind of radiation ( or absorption[24]). The particle that







. The particle then goes ahead to erupt from the
outer horizon, which makes the usual Hawking radiation. The Bekenstein-
Smarr equation of the black hole could be written simply as formula (4). Thus
we get S =
A
4
, where A is the area of outer horizon. Also, the Bekenstein-Smarr




















































which is the same with formula (14), and obviously, vanishes as temperature
vanishes. we therefore think the entropy of the extremal Kerr-Newman black
hole is zero and the third law of thermodynamics is still applicable in this
case.
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